X-ray diraction analysis, scanning and transmission electron microscopy, thermal analysis and measurement of chemical composition were implemented to determine structure, thermal stability and chemical composition of the decagonal quasicrystal in Al73Cu11Cr16 alloy produced by long-term mechanical alloying of elemental powders followed by annealing at 700
X-ray diraction analysis, scanning and transmission electron microscopy, thermal analysis and measurement of chemical composition were implemented to determine structure, thermal stability and chemical composition of the decagonal quasicrystal in Al73Cu11Cr16 alloy produced by long-term mechanical alloying of elemental powders followed by annealing at 700
• C. According to the TEM investigation such a technique permits to produce a single-phase nanostructural quasicrystal with grain size about 60 nm. Dierential thermal analysis revealed that the decagonal phase does not exist above 923
• C and undergoes incongruent two-stage melting coming to the end at 1100 Nanoquasicrystalline phases could be fabricated by various methods. Thus the melt spinning was used to obtain a composite material in AlFeCrZ alloys (Z = Ti, V, Nb, Ta) with rounded nanoquasicrystalline particles (80 ÷ 250 nm) embedded into Al-matrix [1] . The similar composite material with quasicrystalline and intermetallic nanoparticles (200 ÷ 1000 nm) can be produced by gas atomization [2] . The mechanical alloying is known to be a non-expensive method to attain nanostructural state and followed by annealing it can be used to synthesize complex intermetallic compounds including quasicrystals. For example, nanostructural icosahedral quasicrystal was produced in Al 70 Cu 20 Fe 10 as a result of mechanical alloying of elemental blend followed by annealing at 600
• C for 4 h [3] . In our previous works a similar procedure was applied to obtain decagonal quasicrystals in AlCuCr system [4, 5] .
It is worth noting that up to now there is no complete phase diagram of the AlCuCr system and it is * corresponding author; e-mail: sviridova@misis.
ru The main goal of this work is to characterize quasicrystalline phase in AlCuCr system obtained earlier by combination of mechanical alloying and annealing [4] .
Materials and methods
The mixture of elemental powders (purity 98.0%, powder size ≈ 250 µm), Cu (99.5%, ≈ 30 ÷ 50 µm) and Cr (98.5%, ≈ 30 ÷ 50 µm) with nominal composition of Al 73 Cu 11 Cr 16 was mechanically alloyed in Ar atmosphere using the AGO-2M planetary ball mill at 620 rpm for 14 hours. The powder-to-ball ratio was 1:10, 200 g of balls were charged in a vial with lling ratio 35 ÷ 40%.
The 0.2 ml of ethanol served as a process control agent preventing powder adhesion on work surfaces.
As-milled powder was annealed for 1 h at the 700 • C in a pipe furnace under Ar atmosphere and then air-cooled.
Dierential scanning calorimetry (DSC) were carried out using simultaneous thermal analyzer NETZSCH STA 449 other plastic alloy components. XRD analysis (Fig. 2a) shows that as-milled sample contains three crystalline phases Al, Cr and CuAl 2 intermetallic.
As follows from Fig. 1b , the as-annealed sample consists of only one phase. Since the corresponding XRD pattern (Fig. 2b) resembles the one obtained from decagonal quasicrystal with a periodicity along 10-fold axis 1.26 nm [5] we can assume that the as-annealed sample contains a similar quasicrystalline phase (d-phase).
Several methods were used to characterize the singlephase as-annealed sample. TEM was applied to measure the grain size and periodicity along 10-fold axis. Figure   3a shows bright-eld image of the nanostructural powder with average grain size about 60 nm. Two electron diraction patterns (Fig. 3b,c) clearly indicate that the as-annealed sample of Al 73 Cu 11 Cr 16 alloy is a decagonal quasicrystal. Figure 3b predominantly measured from a single grain shows 10-fold symmetry whereas the other diraction pattern (Fig. 3c) is a typical one along 2-fold axis (2D). The periodicity along 10-fold axis measured from Fig. 3c and rened by indexing the corresponding XRD pattern (Fig. 2b ) is 1.264 nm. But it should be noted that electron diraction pattern of D 9 -quasicrystal diers from D 3 phase only by additional rows of weak spots between strong reections rows [8] . Since the diraction pattern (Fig. 3c) contains redundant reections coming from adjacent grains, it is dicult, if not impossible, to distinguish in our case these two decagonal quasicrystals. alloy. First two curves (Fig. 4a,b) are taken on the rst and second heating of as-milled powder, respectively, the last one (Fig. 4c) is obtained on heating of as-annealed powder (700 • C, 1 h). It should be noted that the rst heating gives rise to complete melting of the sample. Figure 2c demonstrates an XRD pattern of as-milled powder after the second heating in calorimeter, which slightly differs from as-annealed sample.
As it was determined earlier [4] , the rst heating of asmilled powder (Fig. 4a) size. Assuming that atomic structure inside grain boundary is close to that in the melt, i.e. its excess entropy is R and excess energy is RT (R is gas constant, T is a transformation temperature), the energy of grain boundaries can be evaluated as
Using the experimentally measured by TEM grain size D = 60 nm, this estimation gives U ≈ 450 J/mol (for non-eqiulateral grains it would be greater), whereas experimentally measured eect is about 750 J/mol. 
where L is a liquid phase and ζ is a ternary hexagonal phase with a wide homogeneity region about Al 72 Cu 13 Cr 15 [10] .
The curve in 
